Introduction
Forensic odontology is the identification, appreciation and documentation of dental structures which is inimitable for each and every individual. It has established distinct speciality and is concerned with dental anatomy, radiographs, dental materials, and developmental anomalies. During development, morphological variations are produced due to hereditical and functional variations changes. [1] The mandible is the largest and strongest bone in the face. It has a horizontally curved body that is convex forward and two broad rami that ascend posteriorly. The rami bear the coronoid and condyloid processes. [2] The coronoid process projects upward and slightly forward as a triangular plate of bone. Its posterior border bounds the mandibular incisure, and its anterior border continues into that of ramus. [2] The sigmoid notch; also called the mandibular notch is a deep notch separating the coronoid process and the condyle. [3] Identification is the establishment of a person's individuality. Most common modes of identification are fingerprints, dental comparisons, and biological methods such as DNA profiling. [4] However, in case human remains are burnt, and there is degradation of DNA fingerprint identification, and DNA analysis are problematic. Hence, conserving the ante-mortem and comparing them with the postmortem records will be useful in identification of a person.
We, being the oral radiologists have to discover the tracks which are advantageous to mankind. At this stage, radiographs play a crucial role in personal identification. [4] [5] [6] They are simple, cost effective, and practicable. Evidence-based reports suggest that few studies have documented the use of coronoid process and very few other studies have reported the use of condylar and sigmoid notch as a tool in personal identification most of these studies have been conducted using the dry mandibles obtained from the cadavers of the deceased individuals. [7] A combined use of coronoid, condylar and sigmoid notch will be more beneficial for identification, giving further individual variations, since all three are easily recognizable on a radiograph. [8] With this background, our study was undertaken to examine the variations in coronoid, condyle, and sigmoid notch.
Materials and Methods
A retrospective study was conducted using 300 digital orthopantomograms (OPGs). Patient's time of life selected between ranges of 10 and 60 years, who reported to the OPD of our department. It consists of 300 subject population which was divided into various groups as follows, Groups I-IV with the age range of 10 years interval as 10-19 years, 20-29 years, 30-39 years, 40-49 years, and 50-59 years, respectively, panoramic radiographs of the subjects were taken using a panoramic component Orthophos DS; Sidexis XG for children 14.1 s, 62 kVp, 8 mA and adults 14.1 s, 64 kVp, 8 mA. The print outs of these images were taken and were traced over projection sheets with the help of the viewer box. All the OPGs recorded by the suitable methods without any alterations were included, and those with the presence of any developmental anomalies, maxillofacial trauma or any other diseases affecting the mandible were excluded from the study. The radiographs, thus, obtained were subjected for the assessment of the various morphological shapes of the coronoid process, condyle, and sigmoid notch. The various shapes of the coronoid process and sigmoid notch were interpreted as given by Shakya et al. [9] and those of the condyle were interpreted according to Hegde et al. [10] These shapes were recorded for both right and left sides using each panoramic image including both the sexes. Thus, a total of 600 sides were assessed, and comparison was made for site, age and between gender. The data obtained were tabularized, and statistical analysis was performed for the same.
Results
Of 200 digital OPG images obtained, corresponding to 400 sides among which, 84 (168 sides) were of males and 116 (232 sides) were females. The mean age for the males was as 36.45 ± 15.2 and for females as 34.81 ± 15.93. Among all 300 panoramic images consisting of 600 sides, the most common shape for coronoid process was observed as triangular (337) which was distributed as 187 (55.4%) on the right side and 150 (44.5%) on the left side [ Figure 1a ]. The next shape was found to be the round (121), of which 43 (35.5%) were on the right side and 78 (64.5%) on the left side [ Figure 1b ] and then followed by the beak shape (110), of which 56 (51%) were on the right side and 54 (49%) on the left side [ Figure 1c ]. The least common shape observed for the coronoid process was flat (32), which was 14 (44%) right side and 18 (56%) on the left side [ Figure 1d ]. The distribution of the shapes of the coronoid process among the right and left sides had shown statistical significance (P = 0.00207) [ Table 1 ].
The shape of condyle frequently observed was round (257), of which 122 (47.4%) were on the right and 135 (53%) on the left side [ Figure 2a ]. The next observed shape was angled (172) with 91 (53%) on the right side and 81 (47%) on the left side [ Figure 2b ], followed by convex shape (141) which was 75 (53%) on the right side and 66 on the left side [ Figure 2c ]. The flat shape (30) of the condyle was least observed with 12 (62.5%) and 18 (37.5%) on the right and left sides, respectively [ Figure 2d ]. The distribution of condylar shape among right and left sides had shown no statistical significance (P = 0.389556) [ Table 1 ].
The shape of the sigmoid notch commonly observed was the sloping form (236), distributed as 126 (49.4%) on the right and 88 (50.6%) on the left side [ Figure 3a ]. The next shape commonly observed was wide (199) with 94 on the right and 102 on the left side [ Figure 3b ] and finally the round form (158) with 70 (51.6%) and 88 (48.4%) on the right and left sides, respectively [ Figure 3c ]. The distribution of condylar shape among right and left sides had shown no statistical significance (P = 0.204046) [ Table 1 ].
The most commonly observed shape of coronoid process among the males and females was found to be triangular (98 on the right side and 86 on the left side among the males; and 89 on the right side and 64 on the left among the females) followed by round (28 on the right side and 48 on the left side in males; and 15 on the right and 30 on the left in females) and beak shapes (38 on the right side and 29 on the left in males; and 18 on the right side and 25 on the left side in females) and flat shapes (9 on the right side and 10 on the left in males; and 5 on the right side and 8 on the left side in females). The distribution of genders showed P = 0.373213. The result is not significant [ Table 2 ].
The most frequently observed shape of the condyle was round (68 on the right side and 69 on the left side) among the Table 2 ].
The sloping form of the sigmoid notch was most common among both the sexes (74 on the right side and 64 on the left among males; and 52 on the right side and 53 on the left side among females) followed by the wide (52 on the right side and 59 on the left side among males; and 45 on the right side and 43 on the left side among females) and the round forms (41 on the right side and 45 on the left side among males; and 29 on right side and 43 on left side among females). The distribution of genders showed P = 0.897376. The result is not significant [ Table 2 ].
The distribution of coronoid process at the age interval of 10-20 years was 117, 20-30 years was 134, 30-40 years was 142, 40-50 years was 117, and 50-60 years was 90. The distribution of condyle at the age range 10-20 years was 105, 20-30 years was 136, 30-40 years was 167, 40-50 years was 163, and 50-60 years was 87. The distribution of sigmoid at the age range 10-20 years was 106, 20-30 years was 154, 30-40 years was 163, 40-50 years was 96, and 50-60 years was 81 [ Table 3 ].
Discussion
According to Federation Dentaire Internationale, forensic dentistry can be defined as "that branch of dentistry which, I the interest of justice, deals with the proper handling and examination of dental evidence, and with the proper evaluation and presentation of dental findings. " [11] The primary goal of forensic dentistry is to deal with personal identification which is dependent on the outstanding feature present in an individual's dental structures.
Identification is the foundation of an individual's uniqueness. Acharya and Taylor have defined as "the characteristics by which a person may be recognized. "
Dental forensic identifications constructed on the comparative study of antemortem and postmortem radiographs provide effective and unfailing evidence. The most common radiograph used is panoramic because of its simplicity of operation, the broader scope of examination, ability to project anatomic structures and their intervening parts, as well as the low radiation dose.
Morphological variations of anatomic structures occur either corresponding to the developmental discrepancies through hereditary determinants or due to the functional variations that arise during the growth process. [3, 12] In this study, various forms of the coronoid process, condyle and sigmoid notch were evaluated with the support of panoramic radiographs. The most common shape of the coronoid process detected was triangular followed by round with male predominancy seen maximum in the age range of 30-40 years in the population of Bengaluru which is in accordance with Column totals 300 300 600 the studies conducted by Sahithi et al. in the South Indian population [7] and Shakya et al., [9] Sudha et al., [13] and Pradhan et al. [14] among the South Indian populations. Our comment regarding the shape of coronoid population was totally opposing to the studies conducted by Tapas et al. [12] among the North Indian population and Kadam et al. [15] among the West Indian population where according to them hook/beak shape to be common followed by the triangular shape. Prajapati et al. [16] had conducted a study using dry mandibles and the results showed that triangular coronoid processes were common followed by the round and the hook shapes. Observations made by Isaac et al.
were not similar to those of this study, which showed triangular shape to be more common followed by hook and round shapes and the incidence of round shape was almost equal among both the sexes. [17] In this study, the most common shape of condyle was round followed by angled with male predominancy in both seen maximum in age range of 30-40 years. In the study conducted by Sahithi et al., common shape of condyle among the males was angled and among the females was round in the South Indian population. [7] The studies reported by Ribeiro et al. [18] and Chaudhary et al. [19] pertaining to the Brazilian and East Indian population, respectively, had shown that round/ oval shape to be common in both the sexes which goes in accordance with our study but with correspondence with male predominancy. A study conducted by Oliveira et al. had shown the round shape to be more frequent followed by pointed and flat shapes, which was a similar finding among females in this study. [7, 20] In this study, relating to Bengaluru population the sloping form of the sigmoid notch was commonly observed followed by the wide and then round form with male predominancy seen maximum in 30-40 years of age which was not in accordance with the study reported by Shakya et al. [9] wherein the sloping forms were commonly observed followed by round and wide forms and by Sahithi et al. sigmoid followed by round and then sloping. [7] However, in our study, the variation of all the three entities when compared on either side and among both the sexes were not statistically significant except for side in coronoid process whose result was found to be statistically significant and the distribution of structures of coronoid, condyle and sigmoid according to age interval is peculiar in this article which is found maximum among the age interval of 30-40 years in all the components taken.
Conclusion
Personal identification totally depends on unique features which varies individual to individual. Nowadays, due to advancement in technologies, there are various efficient methods for identifying when the original ways get failed. In this study with the help of digital panoramic radiograph, we studied various morphological variations of coronoid, condyle and sigmoid notch and radiographs are the easiest and efficient way for antemortem preservation for future correspondence. 
